INTRODUCTION
Members of the Polygordiidae Czerniavsky, 1881 are commonly found in intertidal and shallow subtidal sandy sediments, but have also been reported from depths of 152 m on the continental shelf (based on material from the Smithsonian Institution, Washington, DC; Maciolek & Grassle, 1987) . They are small (length 10^100 mm; width 51mm), have indistinct external segmentation, and lack certain de¢ning polychaete characters such as parapodia and chaetae (except Chaetogordius canaliculatus Moore, 1904 ), but they do have well developed nuchal organs. Members of the Polygordiidae have been found in the Atlantic, Indian, Paci¢c, and Antarctic Oceans and most are described from European waters (Rouse & Pleijel, 2001) . Fifteen species and two subspecies have so far been described in the genus Polygordius Schneider, 1868. According to Hartman (1959) other described genera synonymous with Polygordius include Rhamphogordius Rathke, 1843 , Linotrypane McIntosh, 1875 , and Pseudogordius Czerniavsky, 1881 . The only other genus in the family Polygordiidae was established for Chaetogordius canaliculatus described by Moore (1904) , which was based on fragmented material collected o¡ Cape Cod, United States. This species has never been found again and is generally regarded as an invalid taxon (Hermans, 1969; Westheide, 1990; Rota & Carchini, 1999) . The new species, Polygordius jouinae sp. nov., is the ¢rst Polygordius species described from North America. Although undescribed to this date, the present study shows that it has been collected before (referred to as Polygordius sp. or Polygordius sp. A) and is a dominant member of sandy infaunal communities on the continental shelf and in bays and harbours of the northeastern United States (e.g. Maciolek & Grassle, 1987; Snelgrove et al., 2001; Kropp et al., 2002; Battelle, 2003 Battelle, , 2004 Maciolek et al., 2004) . On the continental shelf o¡ New Jersey, P. jouinae sp. nov. at times makes up 450% of the macrofauna in sandy sediment communities with densities as high as 98,400 individuals m 72 (Snelgrove et al., 2001) . Little is known about the ecologyof P.jouinaesp. nov., or of the Polygordiidae in general (Rouse & Pleijel, 2001) . A greater understanding of the natural history and reproductive biology of this species is needed if we are to understand observed spatial and temporal patterns. The present study describes this new species including its 18S SSU rDNA sequence, summarizes its distribution by looking at unidenti¢ed material (Polygordius sp. and Polygordius sp. A) collected along the eastcoastof the United States, andprovides information on the species' reproductive biology, habitat preferences and ecological importance.
MATERIALS AND METHODS
Collection of Polygordius jouinae sp. nov.
LEO-15 research site
Specimens for the species description and examination of reproductive biology were collected from Station 9 at the LEO-15 research site (Von Alt & Grassle, 1992) on Beach Haven Ridge (39827.69'N 74815.81'W) (Figure 1 ). Beach Haven Ridge (5 km long by 1.5 km wide) is one of 71 shore oblique, sand ridges on the continental shelf o¡ New Jersey (McBride & Moslow, 1991) . Station 9 is on the shoreward side of the ridge at $12 m depth, and is a coarse sand habitat ($2.0 mm) (Craghan, 1995) . Samples were collected during spring and summer 2004/2005 by SCUBA divers using 7-cm-diameter corers (surface area 38.5 cm 2 ) pushed $10 cm into the sediment. Samples were sorted prior to ¢xation (live sorted) for Polygordius jouinae sp. nov. which were either frozen at 7808C for DNA analysis or ¢xed in 10% bu¡ered formalin unless indicated otherwise, and transferred to 80% ethanol after 24 h. Fixed material was also obtained through loans from various benthic surveys that have collected P. jouinae sp. nov. from bays and harbours along the east coast of the United States including George's Bank, Massachusetts Bay, Cape Cod Bay, Rhode Island Sound, and Belmar (New Jersey).
Belmar research site and habitat data
Infaunal samples from Belmar were collected by the New Jersey Division of Fish and Wildlife (NJDFW) in an independent study examining the impact of sand dredging on macrofauna (1996^2004, unpublished) . Polygordius jouinae sp. nov. abundance and grain size data obtained by the NJDFW were examined in the present study. Belmar is located $ 72 km north of LEO-15 and samples were collected from a reference site ($1.36Â2.04 km), on the continental shelf ($40811.09'N 73857.08'W) at depths of 13^16 m. This site was divided into six sub-sites ($0.68Â0.68 km), and within each of these, six infaunal, and one sediment core for grain size were collected seasonally when possible. Corers used in the NJDFW study were the same as those used in the LEO-15 sampling and taken by the same divers. Sorting and identi¢cation of samples were completed by the Cove Corporation, Lusby, Maryland. Sediment samples were dried and sieved over nested sieves into eight grain size-categories. To determine if there was a relationship between grain size and density of P. jouinae sp. nov. Spearman rank correlations were calculated based on data provided by the NJDFW for the eight sediment grain size categories and density of P. jouinae sp. nov. (a 0.05 or 0.01; total¼92). Per cent abundance of P. jouinae sp. nov. of total macrofauna was calculated for each sub-site/date (total¼134).
Light and electron microscopy
Live and ¢xed specimens collected from LEO-15, New Jersey were studied using stereo and compound microscopes. Measurements were made on ¢xed material using a high resolution 1.4 megapixel, colour ¢rewire camera with Image Pro Express manual measurement software. Total length was measured from the anterior margin of the prostomium (antennae not included) to the posterior margin of the pygidium containing the anus. Prostomium length was de¢ned as the distance from the anterior margin of the prostomium to the head fold (Rota & Carchini, 1999) . The width was taken at approximately the widest segment in the middle region of the body. Segmentation in preserved specimens is not visible externally making observations of whole, live specimens under a compound microscope essential for counting segments.
Scanning electron microscopy (SEM) was conducted to con¢rm certain observations such as the absence of pygidial glands. Worms were ¢xed using an OsO 4 vapour/ OsO 4 þ glutaraldehyde protocol while in a Swinnex ¢lter holder (Leander et al., 2003b) . The SEM was also conducted on formalin-¢xed material from Massachusetts Bay, Rhode Island Sound, and Belmar. All SEM specimens were dehydrated using a graded ethanol series, critical-point dried using CO 2 , mounted on aluminium stubs, and sputter coated with gold-palladium (Au-Pd). Stub-mounted specimens were examined with either a Hitachi S4700 SEM or a CamScan CS 24 SEM con¢g-ured with Orion 5.08 software.
Transmission electron microscopy (TEM) was conducted on one of the many pores in the epithelium of the mid-trunk region. Worm fragments were collected in Eppendorf tubes and ¢xed in 2% glutaraldehyde/seawater at 48C for 1h. The ¢xed worm fragments were washed twice in seawater for 15 min and post-¢xed with 1% OsO 4 at 48C for 1h. Worms were washed with distilled water, dehydrated with a graded series of ethanol, rinsed twice with acetone, in¢ltrated with an acetone^resin mixture, and £at embedded with Epon resin at 608C. Worm fragments were excised with a razor blade and ¢xed to blank Epon blocks before being sectioned on a Leica UltracutT Ultramicrotome. Ultra-thin sections were post-stained with uranyl acetate and lead citrate and viewed under a Hitachi H7600 transmission electron microscope.
DNA extraction and PCR ampli¢cation
Ten individuals of Polygordius jouinae sp. nov. were washed three times in ¢ltered seawater and placed in a 1.5 ml Eppendorf tube. DNA was extracted with a standard cetyltrimethylammonium bromide (CTAB) protocol (Zolan & Pukkila, 1986) . Worms were suspended in 400 ml CTAB extraction bu¡er (1.12 g Tris, 8.18 g NaCl, 0.74 g EDTA, 2 g CTAB, 2 g polyvinylpyrolidone, 0.2 ml 2-mercaptoethanol in 100 ml water), homogenized in a Knotes Duall 20 tissue grinder, incubated at 658C for 30 min, and separated with chloroform:isoamyl alcohol (24:1). The aqueous phase was then precipitated in 70% ethanol. The 18S small subunit (SSU) rRNA gene from P. jouinae sp. nov. was ampli¢ed as a single fragment using universal eukaryotic primers (5'GAATTCAACCTGGTTGA TCCTGCCAGT-3' and 5'CGGATCCTGATCC-TTCTGCAGGTTCACCTAC-3') and a thermocycling protocol described previously (Leander et al., 2003a) . A polymerase chain reaction (PCR) product corresponding to the expected size (1800 bp) was gel isolated and cloned into the PCR 2.1 vector using the TOPO TA cloning kit (Invitrogen, Frederick, Maryland, USA). Sixteen clones were screened for size using PCR, and two clones were sequenced with ABI big-dye reaction mix using the vector primers and four internal primers oriented in both directions. The SSU rDNA sequence from P. jouinae sp. nov. was detected by BLAST analysis and deposited in GenBank.
Authorship of Polygordius triestinus Hempelmann, 1906
The name Polygordius triestinus appears with varying authorship in the literature (e.g. Fauvel, 1927 : WoltereckHempelmann, 1906 as well as Hempelmann, 1906; Remane, 1932 : Hempelmann, 1906 Du Bois-Reymond Marcus, 1948 : Woltereck, 1905 Hartman, 1959 : Woltereck in Hempelmann, 1906 Jouin, 1970 : Woltereck, Hempelmann, 1906 Rota & Carchini, 1999 : Woltereck in Hempelmann, 1906 thus prompting us to carefully study the history of this name.
Woltereck introduced the name Polygordius triestinus nov. spec. (Woltereck, 1902 : p. 7) as a nomen nudum based on specimens collected by Cori and intended to describe it (Cori, 1902: p. 362; Steuer, 1904: p. 229 ). Later he referred to the species as ' . . . neuen Triestiner Polygordius Species . . .' (Woltereck, 1905: p. 182 ) when explicitly citing results from investigations by Friedrich Hempelmann. Finally, in 1906 the formal description of the new species was published by Hempelmann under the title 'Polygordius triestinus Woltereck (nov. spec.)' as part of his PhD thesis (Hempelmann, 1906) . This description is based on specimens given to him by Woltereck, the advisor on his thesis (Woltereck, 1905: p. 159; Hempelmann, 1906: p. 529) . Although Hempelmann attributed the name Polygordius triestinus to his teacher Woltereck (Hempelmann, 1906: pp. 527, 530, 605) , it was Hempelmann who produced the description (see also Hempelmann, 1908: p. 665) (BMNH 1928 .4.26.657/8), leg. Fauvel, 26 April 1928 .
Diagnosis
Prostomium conical with two tapering antennae attached close together at their bases. Ratio of antenna length to prostomium length is $1:1. Eyes absent. Pygidium densely ciliated, with terminal anus with seven small lobes directed interiorly. Pygidium not in£ated and without glands or anal cirri. Species gonochoristic.
Description (based on holotype)
Sexually mature male, clear to milky white in colour (live observation) due to presence of sperm. Opaque after ¢xation. Body elongated (length¼19.4 mm) and cylindrical, tapering towards the head and terminal anus. A distinctive ventral grove present. All segments lacking parapodia and achaetous. Prostomium and peristomium separated by a ventral transverse groove or 'head fold' (Figure 2A ). Prostomium conical (length¼140 mm) with two tapering antennae (length¼130 mm) attached very closely at their bases ( Figure 2A ). Antennae with sensory cilia. Length ratio of antenna to prostomium $1:1 ( Figure  2A ; Table 1 ). One pair of oval, heavily ciliated nuchal organs present dorsolaterally, at the posterior margin of the prostomium (Figure 2A ). Eyes absent. Mouth ventral with densely ciliated buccal lip ( Figure 2A^D ). Posterior end not in£ated, and without pygidial glands or anal cirri ( Figure 2E,F) . Pygidium densely ciliated with a terminal anus with seven small lobes directed interiorly ( Figure  2F ). External segmentation not visible. Number of segments inconclusive (465) due to ¢xation and subsequent opaqueness. Complete segment counts determined for other sexually mature individuals mounted live on slides (see Table 1 ). Internal segmentation best visible in live, sexually mature individuals with blood sinuses enlarged thus providing a reddish hue. Body widest in mid-region (width¼0.23 mm). Body surface covered by thin cuticle with ¢ne transverse striations ( Figure 2G ), perforated with many small irregularly distributed oval pores (length $1 mm; width 0.5 mm) ( Figure 2G^I ). Variability in measurements in sexually mature specimens: antenna and prostomium length 0.11 to 0.15 mm, body length 13.0 to 43.1mm, body width 0.23 to 0.38 mm, number of segments 82 to 93 (see also Table 1 ). No evidence of sexual dimorphism in this species (see Table 1 for female vs male measures). Information pertaining to distribution, habitat, and reproduction, addressed below based on additional paratype and non-type material.
SSU rDNA sequence from P. jouinae sp. nov. deposited in GenBank (Accession no. DQ153064) containing eight novel indels at positions 250, 711, 775, 851, 857, 884, 895, and 1732 (relative to the pairwise aligned sequence ' AF412809').
Remarks
Polygordius jouinae sp. nov. is distinguished from most other Polygordius species by its non-in£ated, heavily ciliated pygidium, the absence of pygidial glands, and conical (rather than rounded) prostomium. Morphologically similar species include Polygordius triestinus Hempelmann, 1906 from the north Adriatic Sea, Polygordius triestinus sensu Jouin (1970) from New Caledonia, and P. antarcticus Rota & Carchini, 1999 from the Ross Sea, Antarctic Ocean. However, Polygordius jouinae sp. nov. can be clearly distinguished from the three species mentioned above in the following characters (see also Table 1 ). Polygordius jouinae sp. nov. is gonochoristic, whereas Hempelmann's P. triestinus is a hermaphrodite, described as having oocytes and sperm in close proximity to each other in the coelom (Hempelmann, 1906) . Currently P. triestinus is the only known hermaphroditic species in the Polygordiidae, however, hermaphroditism cannot be ruled out for P. triestinus sensu Jouin, as only sexually mature males were found. Polygordius jouinae sp. nov. lacks pygidial glands, whereas they are present in P. triestinus sensu Jouin and P. antarcticus. Polygordius jouinae sp. nov. also lacks an in£ated pygidium present in P. antarcticus. Additionally the length ratio of antenna to prostomium is 1:1 for P. jouinae sp. nov. in contrast to 0.5:1 in P. antarcticus.
Unfortunately, direct comparison was impossible since specimens of P. triestinus sensu Jouin (1970) were not deposited in Paris (MNHN) and are not available in the personal collection of C. Jouin-Toulmond (C. JouinToulmond, personal communication). We were unsuccessful, as were Rota & Carchini (1999) , in locating type material for P. triestinus. The latter also reported that specimens were not present in the Laboratory of Marine Biology, Trieste. Since Hempelmann and Woltereck, who provided Hempelmann with the original specimen(s) for the description of P. triestinus and was 'typical' characters as chaetae and parapodia, we analysed the 18S ribosomal RNA sequence from P. jouinae sp. nov. and deposited it in GenBank as a reference for further systematic studies of this group. Furthermore, we compared the 18S ribosomal RNA sequence from P. jouinae sp. nov. (Accession no. DQ153064) to the sequence from an unnamed Polygordius species collected from Anse Forbans and Mahe¤ , Seychelles, India (Accession no. AF412809; Struck et al., 2002) that is also deposited in GenBank. The sequence from P. jouinae sp. nov. was 98.2% identical to the sequence from the Polygordius sp. from India (32 di¡erences over 1814 compared sites), however, it contained eight novel indels at positions 250, 711, 775, 851, 857, 884, 895 and 1732 (relative to sequence AF412809), thus adding to the distinction of P. jouinae sp. nov.
Etymology
The species is named after Dr Claude Jouin-Toulmond who studied specimens from Cape Cod Bay, Massachusetts in the 1970s and noted that this species was gonochoristic.
Distribution and habitat
Sandy habitats on the inner continental shelf, and in bays and harbours from Massachusetts to New Jersey (428N and 398N) to maximum depth of 152 m on George's Bank.
Specimens referred to as Polygordius sp. or Polygordius sp. A in several studies are here referred to P. jouinae sp. nov. (i.e. Blake et al., 1983; Maciolek & Grassle, 1987; Snelgrove et al., 1999 Snelgrove et al., , 2001 Kropp et al., 2002; Battelle, 2003 Battelle, , 2004 Maciolek et al., 2004) . Spearman rank correlations of sediment grain size with density (individuals m 72 ) of P. jouinae sp. nov. collected at Belmar showed that density was signi¢cantly (P50.05; N¼92) positively correlated with the proportion of medium to very coarse sand (0.25^1.00 mm) and negatively correlated with the ¢ne sand (0.125^0.25 mm) fractions (Table 2) . Polygordius jouinae sp. nov. was present at all sub-site/dates from 1996^2003, (with the exception of three sampling dates) and comprised up to 78% (mean¼27%) of the total macrofaunal abundance (individuals m
72
). The habitat where P. jouinae sp. nov. was found is most similar to the habitat of Polygordius triestinus sensu Jouin, which was reported from a depth of 6^7 m in an area with strong currents. Bottom sediments were described as medium sand with some ¢ne material, however, this area was also susceptible to variable salinities (Jouin, 1970) . Polygordius triestinus is the only Polygordius species reported from muddy, oxygen poor sediments in relatively quiescent environments (Hempelmann,1906) . Polygordius antarcticus was reported from medium to coarse grained, well-oxygenated sands at depths ranging from 31^61m (Rota & Carchini, 1999) .
Reproduction
Polygordius jouinae sp. nov. collected on 19 May 2004 and 27 May 2005 from the LEO-15 research site comprised only sexually mature individuals. The proportion of males to females was $1:1. Both sexes were notably swollen with gametes and had enlarged blood sinuses giving them a reddish hue when viewed with the naked eye. Oocytes were tightly packed in the coelom and appeared clear and irregular in shape ( Figure 3A) . They were present from the ¢rst 19^27 segments until the last 10^16 and moved freely throughout the coelom. It is likely that oocytes and sperm are set free by rupture of the body wall ( Figure 3B ). Released from the body cavity, oocytes were rounder and varied in size (diameter 22^62 mm). Males were milky white in appearance and sperm were present from the ¢rst 15^25 segments until the last 10^20. Spermatozoa had round heads (3.30^3.56 mm), tiny pointed acrosomes, short mid-pieces, and long tails (506 0 mm), (Figure 3C,D) .
Gut parasites
Stereomicroscopic observations of live Polygordius jouinae sp. nov. from LEO-15 revealed that the intestines were heavily infected with single-celled, ovoid parasites within the gut. This parasite is gregarine-like and may be closely related to the intestinal parasites reported for P. antarcticus and for another species, P. neapolitanus Fraipont, 1887. A separate study has been conducted on the intestinal parasites (Leander & Ramey, 2006) . Rota & Carchini (1999) summarized the characters previously used to identify species of Polygordius such as, e.g. body size, segment number, colour, shape of pygidium, ciliation on the body surface, pattern of the circulatory system, etc. (Rota & Carchini, 1999: table 1) . During the present study, observations on living and ¢xed material of Polygordius jouinae sp. nov. showed that colour di¡ers depending on whether specimens are live or ¢xed, or sexually mature males or females. In sexually mature individuals the oocytes and sperm packed into the coelom greatly in£uence body width leaving external segmentation invisible thus making it di⁄cult to count segments in preserved material. Identi¢cations based on di¡erences in the arrangement of the circulatory system have been controversial (Rota & Carchini, 1999) and we consider this character of limited diagnostic value. In our study of specimens of P. jouinae sp. nov. features of the circulatory system, speci¢cally the vascular loops connecting dorsal and ventral vessels in the anterior part of the body, proved very similar to those observed for P. triestinus sensu Jouin (1970) (based on personal notes kindly provided by Dr C. Jouin-Toulmond) and those reported for P. antarcticus by Rota & Carchini (1999) .
DISCUSSION
Specimens collected from Cape Cod Bay, Massachusetts in 1968^1969 had been identi¢ed as Polygordius triestinus by Dr C. Jouin-Toulmond based primarily on details of the blood vascular system as described by Hempelmann (1906) for the respective species. Our careful re-examination of these Cape Cod specimens, which had meanwhile been deposited in the collections of the Yale Peabody Museum (YPM) as well as at the Muse¤ um National d'Histoire Naturelle (MNHN), considering reproductive mode (gonochorism/hermaphroditism), additional features of the pygidium such as overall shape (in£ated/ non in£ated) and the presence/absence of pygidial glands, revealed that these specimens belong to P. jouinae sp. nov. Moreover, species for which the circulatory system has been discussed include di¡erent levels of detail, are fraught with inconsistent terminology, and re-evaluation in specimens that have been preserved for a long time proved very di⁄cult.
We agree with Rota & Carchini (1999) that it is likely that many more species of Polygordius remain to be described and that the pygidium and its associated structures will be important de¢ning characters. Especially the shape and number of pygidial glands can be useful (P. Ramey, unpublished data), although SEM is needed for accurate observation and counting.
Macrofaunal samples collected seasonally from six subsites at Belmar over eight years showed P. jouinae sp. nov. to be the most abundant macrofaunal species in sandy sediment communities. This dominance in sandy sediments is not restricted to Belmar. In Boston Harbor, P. jouinae sp. nov. made up 98% of the macrofaunal (300 mm sieve) abundance at a single sandy site with a mean density of 7483 individuals m 72 (Kropp et al., 2002) , and the same trends were found in Rhode Island Sound (area E) where it was the most abundant species in sediments composed of 85^98% sand (Battelle, 2003) . In the same location, sediments containing 420% mud (50.063 mm) were dominated by a deposit feeding bivalve, Nucula annulata Hampson, 1971 (Battelle, 2003 . On George's Bank P. jouinae sp. nov. was one of the ten most abundant species present seasonally at 14 out of 17 regional stations ($80^152 m deep). At shallower locations (stations 1, 4, 10; all 60 m deep) with coarser sediments it was the dominant macrofaunal species (Maciolek & Grassle, 1987) .
The widespread distribution of relatively high densities of Polygordius jouinae sp. nov. in coarse sandy sediments may be related in part to its mode of reproduction. The coelomic spaces of mature P. jouinae sp. nov. from LEO-15 were packed with large numbers of small oocytes (N¼several 1000; diameter 563 mm) or sperm. Sperm structure indicated that gametes are most likely freely spawned into the water column (Rouse & Jamieson, 1987) and small eggs usually give rise to planktrotrophic larvae (e.g. Strathmann & Strathmann, 1982) . Moreover, planktotrophic larvae occur in the four species of Polygordius where development mode is known (Rota & Carchini, 1999) . In contrast, brooding with direct development of a limited number of eggs is prevalent in interstitial polychaetes (e.g. Spioninae, Fabriciinae, Dorvilleidae, Syllidae) (reviewed by Giangrande, 1997) . Greater dispersal ability is associated with planktonic larvae and although larval survival may be low during the pelagic phase, the greater numbers of o¡spring produced by P. jouinae sp. nov. compared to other interstitial polychaetes may help explain its relatively high abundance in sandy sediment communities. In support of this the next most abundant species often found to co-occur with P. jouinae sp. nov. is the free spawning bivalve Spisula solidissima (Dillwyn, 1817) . Other relatively less abundant cooccurring species include representatives of brooding interstitial polychaetes such as Dorvilleidae, Syllidae, and some members of the Hesionidae and Protodrilidae.
Changes in sediment composition and concomitant increases in organic loading a¡ect the abundance and distribution of Polygordius jouinae sp. nov. thus making it a possible indicator of changing environmental conditions. A good example comes from the Rhode Island Region, long-term, dredged material disposal site (Battelle, 2003) . Prior to disposal of dredged material (primarily made up of muddy estuarine sediments), P. jouinae sp. nov. was the most abundant macrofaunal species at sites in the Rhode Island Sound Region (autumn 2001). Following mud disposal (July 2003), P. jouinae sp. nov. no longer numbered among the top ten species being replaced by the deposit feeding bivalve Nucula annulata. During this same time period the proportion of mud (50.063 mm) in sediments increased from 7% to 30% (Battelle, 2004) .
